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(54) THREE-DIMENSIONAL PERIODIC STRUCTURE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three- 
dimensional periodic structure that can easily be 
manufactured at a low cost and controls an 
electromagnetic wave with a desired wavelength and to 
provide its manufacturing method. 
SOLUTION: A two-dimensional basic structure 
consisting of a plurality of rods 1 1 is sequentially formed 
and layered by an optical forming method to form the 
three-dimensional periodic structure 1. Rods 11 are 
made of a mixture where ceramics particles are 
dispersed uniformly in a resin. A photonic band gap 
effect corresponding to an optional wavelength can be 
obtained by adjusting the distribution ratio of the resin 
and the ceramics particles and optionally setting the 
period of the rods 11. Part of the three-dimensional 
periodic structure 1 is provided with a part with different 
periodicity to control the directivity of an 
electromagnetic wave. 
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(57) [Abstract] 

[Technical problem] It is being able to control the electromagnetic wave 
of desired wavelength and offering the three-dimensions period structure 




which can be manufactured [ easy and ] cheaply, and its manufacture 
approach. 

[Means for Solution] A laminating is carried out, carrying out 
sequential formation of the 2-dimensional basic structures 21-24 
constituted by two or more rod-like structures 11 by the Mitsuzo form 
method, and the three-dimensions period structure 1 is formed. A rod- 
like structure 11 is formed into resin with the mixture which made 
homogeneity distribute a ceramic particle. It becomes possible by 
adjusting the allocation ratio of resin and a ceramic particle, and 
setting the period of a rod-like structure 11 as arbitration to acquire 
the photograph nick band gap effectiveness corresponding to the 
wavelength of arbitration. By preparing the part from which periodicity 
differs in a part of three-dimensions period structure 1, it becomes 
possible to control the directivity of an electromagnetic wave. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The three-dimensions period structure characterized by 
combining with a three-dimensions period target two or more unit 
components formed with the mixture of resin and a ceramic particle. 
[Claim 2] The three-dimensions period structure according to claim 1 
characterized by including other parts and the part from which 
periodicity differs in an one direction at least. 

[Claim 3] The three-dimensions period structure according to claim 1 or 
2 characterized by having arranged said two or more unit components two- 
dimensional, having formed the 2-dimensional basic structure, and 
carrying out the laminating of said two or more 2-dimensional basic 
structures. 

[Claim 4] Said unit component is the three-dimensions period structure 
according to claim 1 to 3 characterized by carrying out the laminating 
of the 2-dimensional basic structure which is a rod-like structure, and 
which comes to arrange said two or more rod-like structures at intervals 
of predetermined in parallel with the 1st direction, and the 2- 
dimensional basic structure which comes to arrange said two or more rod- 
like structures at intervals of predetermined in parallel with the 2nd 
direction which crosses in said 1st direction by turns. 
[Claim 5] The three-dimensions period structure according to claim 1 to 
4 characterized by said resin being a photo-setting resin. 
[Claim 6] The three-dimensions period structure according to claim 1 to 
4 characterized by said resin being thermosetting resin or 
thermoplastics. 

[Claim 7] The three-dimensions period structure according to claim 1 to 
6 characterized by having the period of 0. 1mm or more 30mm or less. 
[Claim 8] The manufacture approach of the three-dimensions period 
structure characterized by manufacturing the three-dimensions period 
structure by forming the 2-dimensional basic structure which comes 
periodically to arrange two or more unit components which consist of 
mixture of resin and a ceramic particle, and accumulating said two or 
more 2-dimensional basic structures. 



[Claim 9] The manufacture approach of the three-dimensions period 
structure according to claim 8 characterized by molding said three- 
dimensions period structure by the laminating molding method which 
carries out the laminating of the layer-like processing unit one by one. 
[Claim 10] The manufacture approach of the three-dimensions period 
structure according to claim 8 or 9 characterized by carrying out the 
laminating of said two or more 2-dimensional basic structures one by one, 
forming said 2-dimensional basic structure by the Mitsuzo form method, 
using a photo-setting resin as said resin. 

[Claim 11] The manufacture approach of the three-dimensions period 
structure according to claim 8 characterized by forming two or more said 
unit component or said two or more 2-dimensional basic structures by the 
resin fabricating method, and combining two or more said unit component 
or said two or more 2-dimensional basic structures, using thermosetting 
resin or thermoplastics as said resin. 

[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the three-dimensions 
period structure which constitutes a photograph nick crystal, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The three-dimensions period structure 
from which a refractive index changes periodically shows the 
interferential action to an electromagnetic wave, and forbids passage of 
the electromagnetic wave of a specific frequency domain. That is, the 
light of specific wavelength can be covered. The forbidden band in this 



case is called a photograph nick band gap, and the three-dimensions 
period structure is called a photograph nick crystal. Moreover, the 
effectiveness which covers the electromagnetic wave of specific 
wavelength is called the photograph nick band gap effectiveness. As for 
such the three-dimensions period structure, the application to optical 
devices, such as an efficient semiconductor laser component and optical 
waveguide, is expected. 

[0003] For example, the example of a configuration of the three- 
dimensions period structure is proposed by E. Yablonovitch, "Photonic 
band-gap structures", J. Opt. Soc. AmB, vol. 10, no. 2, pp. 283-295, and 1993. 
Moreover, the approach of producing the three-dimensions period 
structure which has about 1 micrometer or a period not more than it 
using sputter etching is indicated by JP, 10-335758, A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the technique 
which can produce easily the structure of having a desired refractive 
index and a desired three-dimensions-period is not established, the 
device adapting the three-dimensions period structure is not put in 
practical use. The electromagnetic wave of a microwave range is not 
developed from a millimeter wave field especially about the structure 
and the production approach of the controllable three-dimensions period 
structure. 

[0005] In order to build the communication link infrastructure suitable 
for the communication link of high-speed large capacity, it is necessary 
to attain high performance-ization of a communication link of a 
millimeter wave band or a microwave band. However, if the oscillation 
output of an electromagnetic wave becomes several W, since 
electromagnetic interference may occur, it is necessary to secure the 
compatibility of communicative high-performance-izing and 
electromagnetic interference prevention, and the high performance 
communication equipment equipped with the electromagnetic interference 
prevention function is called for. 

[0006] In the high-speed mass communication system which makes a 
satellite and an airship a relay base, a global system for mobile 
communications, and an intelligent transport system, the cheap high 
performance small communication equipment which performs the 
communication link of a millimeter wave band or a microwave band will be 
needed in large quantities, and, moreover, will need to prevent 
electromagnetic interference. 

[0007] Therefore, not only an optical field but a device which controls 
the electromagnetic wave of a microwave range from a millimeter wave 



field is desired. 
[0008] The purpose of this invention is being able to control the 
electromagnetic wave of desired wavelength and offering the three- 
dimensions period structure which can be manufactured [ easy and ] 
cheaply. 

[0009] Other purposes of this invention are offering the manufacture 
approach which can manufacture the controllable three-dimensions period 
structure for the electromagnetic wave of desired wavelength easily and 
cheaply. 
[0010] 

[The means for solving a technical problem and an effect of the 
invention] Two or more unit components in which the three-dimensions 
period structure concerning this invention is formed with the mixture of 
resin and a ceramic particle are combined with a three-dimensions period 
target. 

[0011] The wavelength lambda of an electromagnetic wave is expressed 
with kC/f. Here, the speed and f to which a constant spreads k and an 
electromagnetic wave spreads C are the frequency of an electromagnetic 
wave. The period d of the three-dimensions period structure which 
discovers the photograph nick band gap effectiveness to the 
electromagnetic wave of wavelength lambda is proportional to lambda/2n. 
n is the optical refractive index of the quality of the material of the 
unit component of the three-dimensions period structure. Since this 
refractive index n is proportional to the square root of the specific 
inductive capacity epsilon of the quality of the material, a period d is 
proportional to lambda/2 rootepsilon. While choosing from such relation 
the dielectric constant of the proper which the three-dimensions period 
structure has, it becomes possible by adjusting a period to acquire the 
photograph nick band gap effectiveness corresponding to specific 
wavelength. 

[0012] In the three-dimensions period structure concerning this 
invention, since a unit component is formed with the mixture of resin 
and a ceramic particle, the dielectric constant of a unit component can 
be easily adjusted by adjusting the allocation ratio of resin and a 
ceramic particle. Thereby, the refractive index of a unit component can 
be adjusted to arbitration. Moreover, the period of two or more unit 
components can be set as arbitration, and two or more unit components 
can be combined. 

[0013] Therefore, it becomes possible to acquire the photograph nick 
band gap effectiveness corresponding to the wavelength of arbitration, 
and the electromagnetic wave which has the wavelength of arbitration can 





be covered completely. Consequently, the wavelength selection nature of 
an electromagnetic wave and directivity are obtained, and high- 
performance-izing of electro magnetic radiation and improvement in 
energy use effectiveness are attained. Moreover, electromagnetic wave 
leakage and prevention of electromagnetic wave disorder are achieved. 
[0014] Moreover, since the mixture of resin and a ceramic particle is 
used as an ingredient of a unit component, processing or shaping is easy 
and a manufacturing cost becomes cheap. 

[0015] Especially, the three-dimensions period structure may also 
contain at least other parts and the part from which periodicity differs 
in an one direction. In this case, while covering the electromagnetic 
wave which has specific wavelength, the electromagnetic wave which has 
other wavelength can be made to penetrate. This becomes possible to 
constitute waveguide or a resonator. 

[0016] Two or more unit components may be arranged two-dimensional, the 
2-dimensional basic structure may be formed, and the laminating of two 
or more 2-dimensional basic structures may be carried out. Thereby, the 
three-dimensions period structure is constituted. In this case, the 
wavelength of the electromagnetic wave which discovers the photograph 
nick band gap effectiveness is easily controllable by adjusting the 
array period of two or more unit components which constitute the 2- 
dimensional basic structure, and the laminating period of two or more 2~ 
dimensional basic structures. 

[0017] A unit component is a rod-like structure and the laminating of 
the 2-dimensional basic structure which comes to arrange two or more 
rod-like structures at intervals of predetermined in parallel with the 
1st direction, and the 2-dimensional basic structure which comes to 
arrange two or more rod-like structures at intervals of predetermined in 
parallel with the 2nd direction which crosses in the 1st direction may 
be carried out by turns. In this case, the unit component which consists 
of a rod-like structure is easily combinable with a three-dimensions 
period target. 

[0018] Resin may be a photo-setting resin. In this case, the three- 
dimensions period structure can be formed by the Mitsuzo form method. 
[0019] Resin may be thermosetting resin or thermoplastics. In this case, 
the three-dimensions period structure can be formed by the fabricating 
method using a mold. 

[0020] The three-dimensions period structure may have the period of 
0. 1mm or more 30mm or less. In this case, the photograph nick band gap 
effectiveness can be acquired to the electromagnetic wave used for a 
communication link. Therefore, it is applicable to the device which 



controls the electromagnetic wave used for a communication link in the 
three-dimensions period structure. 

[0021] When the period of three-dimensions period structure is 
especially set as 1mm or more 3mm or less, it becomes applicable to the 
device which controls the electromagnetic wave of a microwave range from 
a millimeter wave field. 

[0022] The manufacture approach of the three-dimensions period structure 
concerning this invention forms the 2-dimensional basic structure which 
comes periodically to arrange two or more unit components which consist 
of mixture of resin and a ceramic particle, and manufactures the three- 
dimensions period structure by accumulating two or more 2-dimensional 
basic structures. 

[0023] In the manufacture approach of the three-dimensions period 
structure concerning this invention, since a unit component consists of 
mixture of resin and a ceramic particle, the dielectric constant of a 
unit component can be easily adjusted by adjusting the allocation ratio 
of resin and a ceramic particle. Thereby, the refractive index of a unit 
component can be adjusted to arbitration. 

[0024] Moreover, a three-dimensions period can be set as arbitration by 
forming the 2-dimensional basic structure which comes to arrange two or 
more unit components periodically, and adjusting the array period of two 
or more unit components which constitute the 2-dimensional basic 
structure, and the laminating period of two or more 2-dimensional basic 
structures, since the three-dimensions period structure is manufactured 
by accumulating two or more 2-dimensional basic structures. 
[0025] Therefore, the photograph nick band gap effectiveness 
corresponding to the wavelength of arbitration can be acquired. 
[0026] Furthermore, since the mixture of resin and a ceramic particle is 
used as an ingredient of a unit component, processing or shaping is easy 
and a manufacturing cost becomes cheap. 

[0027] The controllable three-dimensions period structure can be 
manufactured for the electromagnetic wave of the wavelength of 
arbitration easily and cheaply these results. 

[0028] The three-dimensions period structure may be molded by the 
laminating molding method which carries out the laminating of the layer- 
like processing unit one by one. In this case, the three-dimensions 
period structure which has the period of a submillimeter unit to a milli 
unit can be formed easily. The laminating of two or more 2-dimensional 
basic structures may be carried out one by one, forming the 2- 
dimensional basic structure by the Mitsuzo form method, using a photo- 
setting resin as resin. 



[0029] Using thermosetting resin or thermoplastics as resin, two or more 
unit component or two or more 2-dimensional basic structures may be 
formed by the resin fabricating method, and two or more unit component 
and two or more 2-dimensional basic structures may be combined. 
[0030] 

[Embodiment of the Invention] The front view of the three-dimensions 
period structure of drawing 1 and drawing 3 of the top view of the 
three-dimensions period structure [ in / in drawing 1 / one example of 
this invention ] and drawing 2 are the side elevations of the three- 
dimensions period structure of drawing 1 . The three-dimensions period 
structure of drawing 1 - drawing 3 has simple-cubic-lattice structure. 
[0031] Two or more rod-like structures 11 which have a square cross- 
section configuration are arranged at equal intervals in parallel a 
period d. Thereby, the 2-dimensional basic structure 21 of the 1st layer 
is formed. On the 2-dimensional basic structure 21 of the 1st layer, two 
or more rod-like structures 11 are arranged at equal intervals in 
parallel a period d. Thereby, the 2-dimensional basic structure 22 of 
the 2nd layer is formed. The rod-like structure 11 of the 2-dimensional 
basic structure 22 of the 2nd layer is arranged so that the rod-like 
structure 11 and right angle of the 2-dimensional basic structure 21 of 
the 1st layer may be crossed. 

[0032] On the 2-dimensional basic structure 22 of the 2nd layer, two or 
more rod-like structures 11 are arranged at equal intervals in parallel 
a period d. Thereby, the 2-dimensional basic structure 23 of the 3rd 
layer is formed. The rod-like structure 11 of the 2-dimensional basic 
structure 23 of the 3rd layer is arranged in the location which shifted 
to the rod-like structure 11 and right angle of the 2-dimensional basic 
structure 22 of the 2nd layer 1/2 period (d/2) to the rod-like structure 
11 of an intersection and the 2-dimensional basic structure 21 of the 
1st layer. 

[0033] On the 2-dimensional basic structure 23 of the 3rd layer, two or 
more rod-like structures 11 are arranged at equal intervals in parallel 
a period d. Thereby, the 2-dimensional basic structure 24 of the 4th 
layer is formed. The rod-like structure 11 of the 2-dimensional basic 
structure 24 of the 4th layer is arranged in the location which shifted 
to the rod-like structure 11 and right angle of the 2-dimensional basic 
structure 23 of the 3rd layer 1/2 period (d/2) to the rod-like structure 
11 of an intersection and the 2-dimensional basic structure 22 of the 
2nd layer. 

[0034] There are few numbers of the rod-like structure 11 which 
constitutes the 2-dimensional basic structure 21 of the 1st layer one 



thah the number of the rod-like structure 11 which constitutes the 2- 
dimensional basic structure 23 of the 3rd layer, and there are few 
numbers of the rod-like structure 11 which constitutes the 2-dimensional 
basic structure 24 of the 4th layer one than the number of the rod-like 
structure 11 which constitutes the 2-dimensional basic structure 22 of 
the 2nd layer. 

[0035] The count repeat sequential laminating of predetermined is 
carried out for the 2-dimensional basic structure 21 of the 1st layer, 
the 2-dimensional basic structure 22 of the 2nd layer, the 2-dimensional 
basic structure 23 of the 3rd layer, and the 2-dimensional basic 
structure 24 of the 4th layer like the following. 

[0036] Each rod-like structure 11 is formed into resin with the mixture 
which made homogeneity distribute a ceramic particle. As resin, various 
synthetic resin, such as epoxy system resin and acrylate system resin, 
can be used, for example. Moreover, as a ceramic particle, Ti02 
(titanium oxide), SrTi03 (strontium titanate), BaTi03 (barium titanate), 
Si02, etc. can be used (silicon oxide). It is desirable to use the 
ceramic particle which has a high dielectric constant especially, 
[0037] Here, the dielectric constant of a rod-like structure 11 is set 
to epsilon 1. Space 20 exists between the adjacent rod-like structures 
11. The dielectric constant of space 20 is set to epsilon 2. The 
periodic grid-like repeat structure where the rod-like structure 11 of a 
dielectric constant epsilon 1 and the space 20 of a dielectric constant 
epsilon 2 have been arranged three-dimensions-wise and continuously by 
this is acquired. 

[0038] The dimension of each rod-like structure 11 can be set as 
arbitration, and is set to lmmxlmmxSOmm by this example, for example. 
Moreover, a period d can be set as arbitration and sets a period d as 
0. 1mm - 30mm in this example. A period d is set to 2mm as an example. 
[0039] In addition, although the rod-like structure 11 which has a 
square cross-section configuration is used in this example, the cross- 
section configurations of a rod-like structure 11 may be other 
configurations, such as a round shape. Moreover, in this example, 
although simple-cubic-lattice structure is used as three-dimensions 
period structure, other crystal structures which have not only cubic 
lattice structure but three-dimensions periodicity may be used. 
[0040] In the three-dimensions period structure 1 of this example, the 
dielectric constant of a rod-like structure 11 can be easily adjusted by 
adjusting the allocation ratio of resin and a ceramic particle. Thereby, 
the refractive index of a rod-like structure 11 can be adjusted to 
arbitration. Moreover, a period d can be set as arbitration by setting 



spacing of a rod-like structure 11 as arbitration. Therefore, it becomes 
possible to acquire the photograph nick band gap effectiveness 
corresponding to the wavelength of arbitration, and the electromagnetic 
wave which has specific wavelength can be covered completely. 
[0041] When a period d is especially set as 3mm from 1mm, it becomes 
possible to control the electromagnetic wave of a band with a frequency 
of 2GHz - 80GHz. 

[0042] Moreover, since a rod-like structure 11 is formed with the 
mixture of resin and a ceramic particle, processing and shaping are easy 
and a manufacturing cost becomes cheap. 

[0043] The typical sectional view in which drawing 4 shows an example of 
the manufacture approach of the three-dimensions period structure of 
drawing 1 - drawing 3 , and drawing 5 are the typical perspective views 
showing an example of the manufacture approach of the three-dimensions 
period structure of drawing 1 - drawing 3 . Hereafter, an example of the 
manufacture approach of the three-dimensions period structure of drawing 
1 - drawing 3 is explained, referring to drawing 4 and drawing 5 . Here, 
the Mitsuzo form method for having used the sensitization reaction of a 
liquefied photo-setting resin is used. 

[0044] In drawing 4 and drawing 5 , an arrow head X and an arrow head Y 
show the 2-way which intersects perpendicularly mutually in a flat 
surface, and an arrow head Z shows the direction of a vertical. 
[0045] As a photo-setting resin, an epoxy system photo-setting resin, an 
acrylate system photo-setting resin, etc. are used. It is Ti02 in this 
photo-setting resin. System impalpable powder and SrTi03 System 
impalpable powder and BaTi03 System impalpable powder and Si02 
Dielectric ceramic particles, such as system impalpable powder, are 
mixed, and it is made to distribute. 

[0046] First, a table 50 is made immersed in a photo-setting resin 10 so 
that the liquefied predetermined photo-setting resin for thickness may 
be supplied in the shape of film on a table 50 as shown in drawing 4 (a) 
and drawing 5 (a). The ultraviolet-rays laser beam 30 is made to scan in 
the direction of an arrow head X in this condition. Thereby, the photo- 
setting resin of the irradiated part of the ultraviolet-rays laser beam 
30 hardens, and a rod-like structure 11 is formed. By making the 
direction of an arrow head X, and parallel repeat and scan the 
ultraviolet-rays laser beam 30, two or more rod-like structures 11 
parallel to the direction of an arrow head X are formed at intervals of 
predetermined. Thereby, the 2-dimensional basic structure of the 1st 
layer is formed on a table 50. 

[0047] Next, as shown in drawing 4 (b) and drawing 5 (b) , a table 50 is 



dropped in the direction of the predetermined thickness part arrow head 
Z. Thereby, the liquefied predetermined photo~setting resin for 
thickness is supplied on the 2-dimensional basic structure of the 1st 
layer formed on the table 50. The ultraviolet-rays laser beam 30 is made 
to scan in the direction of an arrow head Y in this condition. Thereby, 
the photo-setting resin of the irradiated part of the ultraviolet-rays 
laser beam 30 hardens, and a rod-like structure 11 is formed. By making 
the direction of an arrow head Y, and parallel repeat and scan the 
ultraviolet-rays laser beam 30, two or more rod-like structures 11 
parallel to an arrow head Y are formed. Thereby, the 2-dimensional basic 
structure of the 2nd layer is formed on the 2-dimensional primitive 
period structure of the 1st layer. 

[0048] By dropping a table 50 in the direction of an arrow head Z, 
repeating the ultraviolet-rays laser beam 30 in parallel with the 
direction of an arrow head X, and making it similarly scan The 2- 
dimensional basic structure of the 4th layer is formed by forming the 2- 
dimensional basic structure of the 3rd layer, dropping a table 50 in the 
direction of an arrow head Z further, repeating the ultraviolet-rays 
laser beam 30 in parallel with the direction of an arrow head Y, and 
making it scan. 

[0049] the following — the same — carrying out — the 2-dimensional 
basic structure of the 1st layer, the 2nd layer, the 3rd layer, and the 
4th layer — a predetermined count repeat sequential laminating — it 
carries out. 

[0050] If such a Mitsuzo form method is used, the three-dimensions 
period structure 1 which has the period d of 0. 1mm - 30mm is easily 
producible. 

[0051] Drawing 6 is the front view of the three-dimensions period 
structure in other examples of this invention. In the three-dimensions 
period structure 1 of drawing 6 , the lattice defect 60 is formed in the 
part. In the part of this lattice defect 60, periodicity differs from 
the periodicity of other parts. Therefore, the photograph nick band gap 
effectiveness over the electromagnetic wave which has specific 
wavelength in the part except a lattice defect 60 is acquired, and the 
photograph nick band gap effectiveness over the electromagnetic wave 
which has specific wavelength is not acquired in the part of a lattice 
defect 60. 

[0052] Therefore, the waveguide which spreads the electromagnetic wave 
which has specific wavelength is formed by forming a lattice defect 60 
continuously. 

[0053] Moreover, the resonator to the electromagnetic wave which has 



specific wavelength can be formed by making the interface of the field 
which forms the field which has periodicity which is different in the 
three-dimensions period structure 1, and has different periodicity 
counter. 

[0054] Thus, the directivity of an electromagnetic wave is controllable 
by preparing the part from which periodicity differs in a part of three- 
dimensions period structure 1. 

[0055] Drawing 7 is the typical perspective view showing the example 
which applied the three-dimensions period structure of drawing 1 - 
drawing 3 to the antenna. 

[0056] In drawing 7 , the antenna is formed of the plane three- 
dimensions period structure 1 which has the structure of drawing 1 - 
drawing 3 . One pair of electrodes 80 are formed in one field of this 
three-dimensions period structure 1. Since the three-dimensions period 
structure 1 has a shielding effect over the electromagnetic wave which 
has specific wavelength, the electromagnetic wave 100 of the specific 
wavelength generated from an electrode 80 is emitted in the direction of 
an arrow head A, and is not emitted in the direction of an arrow head B. 
[0057] Thus, the antenna of high directivity is realized by using the 
three-dimensions period structure 1 of drawing 1 - drawing 3 . When the 
period d of the three-dimensions period structure 1 is set as 1mm - 3mm, 
the wavelength selection nature to a 2GHz - 80GHz electromagnetic wave 
and high directivity are obtained. 

[0058] For example, when applying to an airship communication link, high 
directivity can be given to an antenna by using the resin which made 
homogeneity distribute ceramic impalpable powder, such as titanium oxide 
in which a high dielectric constant is shown to the electromagnetic wave 
of the millimeter wave band which is about 30GHz by which use is planned, 
strontium titanate, and barium titanate. 

[0059] Therefore, high performance-ization of the output characteristics 
of the communication equipment which uses the electromagnetic wave of a 
millimeter wave field and a microwave range is attained by using the 
antenna of drawing 7 . Moreover, in order that an electromagnetic wave 
may concentrate in the specific direction, energy use effectiveness 
improves and it becomes possible to extend the time of a pocket device. 
Furthermore, since the radiation angle of an electromagnetic wave is 
limited, the electromagnetic interference over a user or other 
electronic equipment is prevented. 

[0060] In addition, the three-dimensions period structure 1 of the 
above-mentioned example can also be formed not only using the Mitsuzo 
form method but using other laminating molding methods. For example, the 



approach of carrying out a laminating may be used, irradiating a laser 
beam at the sheet-like ingredient which sank resin into base materials, 
such as paper, (refer to JP, 4-221624, A and JP, 7-285179, A) . Moreover, the 
approach of carrying out a laminating may be used, irradiating a laser 
beam at a thin resin film (refer to JP, 5-237941, A and JP, 5-229016, A) . 
Furthermore, melting and the approach of making combine and carrying out 
a laminating may be used for powdered resin by the laser beam (refer to 
JP, 1-232027, A and JP, 3-183530, A) . Furthermore, the approach of carrying 
out the laminating of the string-like melting resin may be used (refer 
to JP, 2-130132, A and JP, 3-158228, A) . 

[0061] Moreover, the resin fabricating methods, such as injection 
molding and casting, may be used as other manufacture approaches of the 
three-dimensions period structure 1. In this case, the mold of a rod- 
like structure 11 is produced and thermoplastics, such as thermosetting 
resin, such as an epoxy resin, or polyethylene, is used as resin. After 
producing the mold of a rod-like structure 11 and fabricating 
efficiently two or more rod-like structures 11 with the mixture of 
thermosetting resin or thermoplastics, and a ceramic particle, it is 
possible by accumulating the rod-like structure 11 of a predetermined 
number to assemble the three-dimensions period structure 1. 
[0062] Moreover, after producing the mold of the 2-dimensional basic 
structures 21-24 and fabricating efficiently two or more 2-dimensional 
basic structures 21-24 using the mixture of thermosetting resin or 
thermoplastics, and a ceramic particle, it is also possible by 
accumulating the 2-dimensional basic structures 21-24 of a predetermined 
number to assemble the three-dimensions period structure 1. 
[0063] The whole three-dimensions period structure 1 which pasted up a 
rod-like structure 11 or the 2-dimensional basic structures 21-24 
mutually in these cases using adhesives etc. , or was assembled may be 
hardened with another resin, rubber, etc. 

[0064] When the resin fabricating method is used, fertilization and low- 
cost-izing of the three-dimensions period structure 1 are attained by 
the optimization design of structure. 

[0065] As mentioned above, in the three-dimensions period structure 1 of 
the above-mentioned example, the electromagnetic wave which has specific 
wavelength can be completely covered by selection of the dielectric 
constant of a rod-like structure 11, and control of periodic structure. 
Thereby, the wavelength selection nature of an electromagnetic wave, 
directivity, and a guided wave function can be given to various devices, 
and the improvement in the send efficiency to the specific direction and 
prevention of electromagnetic interference are attained. 



[0066] Therefore, while becoming producible [ the new components for 
highly efficient communication equipment ] using the three-dimensions 
period structure 1, in connection with the high increase in power of 
communication equipment, eff icient-izing and electromagnetic 
interference prevention can be aimed at. It enables this to offer 
communication system strong against a high-speed high capacity 
communication infrastructure and electromagnetic wave disorder required 
for the multimedia society using the global mobile communications and 
ultra high-speed Internet, a video on demand, high definition television 
transmission, etc. 

[0067] Moreover, high-performance-izing and the miniaturization of 
millimeter wave band communication equipment in the high-speed mass 
communication system which makes a relay base the global system for 
mobile communications and airship using a satellite are attained by 
offering the mass production technology of the antenna for high 
directivity microwave mobile transmitters. Furthermore, implementation 
of the traffic-paint world by high-performance-izing of the millimeter 
wave band antenna for intelligent transport systems which makes 
unattended operation possible etc. can expect much more development of 
communication environment. 

[0068] especially — advanced features and electromagnetism of a 
millimeter wave band or a microwave band communication link — it 
becomes possible to offer the manufacturing technology as an 
electromagnetic interference prevention device which secures the safety 
to leakage. 

[0069] Furthermore, while becoming applicable to the millimeter wave 
band antenna of an about 80GHz band by the three-dimensions period 
structure 1 of a submillimeter unit, manufacture of a variety of devices 
other than the antenna using the three-dimensions period structure 1 is 
attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the three-dimensions period structure 
in one example of this invention. 

[Drawing 2] It is the front view of the three-dimensions period 
structure of drawing 1 . 

[Drawing 3] It is the side elevation of the three-dimensions period 
structure of drawing 1 . 

[Drawing 4] It is the typical sectional view showing an example of the 
manufacture approach of the three-dimensions period structure of drawing 
1 - drawing 3 . 

[Drawing 5] It is the typical perspective view showing an example of the 
manufacture approach of the three-dimensions period structure of drawing 
1 - drawing 3 . 

[Drawing 6] It is the front view of the three-dimensions period 
structure in other examples of this invention. 

[Drawing 7] It is the typical perspective view showing the example which 
applied the three-dimensions period structure of drawing 1 - drawing 3 
to the antenna. 
[Description of Notations] 

I Three-Dimensions Period Structure 
10 Photo-setting Resin 

II Rod-like Structure 
20 Space 

21-24 2-dimensional basic structure 
30 Ultraviolet-Rays Laser Beam 
60 Lattice Defect 
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3. In the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 7] 
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